Ionosonde measurements obtained at two Thailand ionospheric stations, namely Chumphon (10.72 • N, 99.37
Introduction
The ionosonde is one of the most widely-used instruments for studying ionospheric variability, which is important for a better understanding of the ionosphere and the design of HF, VHF and UHF communication systems. The F 2 -layer peak electron density (N m F 2 ) is an important parameter which is derived from the F 2 -layer critical frequency ( f o F 2 ) measured by ionosondes. This parameter is used for the development and improvement of ionospheric models, such as the International Reference Ionosphere (IRI) (Bilitza, 2001 ). The IRI is a widely-used global empirical ionospheric model, which describes the electron density, electron temperature, ion temperature and ion composition in the altitude range of approximately 50 to 1,500 kilometers, for a given location, time and sunspot number. Many improvements have been made to this model (IRI-80, IRI-90, IRI-95, IRI-2000 and IRI-2001) . The most recent update was released in 2007, known as IRI-2007 (Bilitza and . The most important changes in IRI-2007 are: (1) two new options for the topside electron density, (2) a new model for the topside ion composition, (3) the first-time inclusions of a model for the spread F occurrence probability, (4) a Neural Net model for the auroral D-region electron densities, (5) a model for the plasmasphere electron temperature and (6) the latest International Geomagnetic Reference Field (IGRF) model for the computation of magnetic coordinates, including their changes due to the secular variation of the magnetic field. The IRI model has two options for the prediction of the N m F 2 : one is the model developed by the International Radio Consultative Committee, namely CCIR (CCIR, 1966) and the other is the model developed by the International Union of Radio Science, namely URSI (Rush et al., 1989) . The CCIR options are based on monthly median values obtained by a worldwide network of ionosondes (about 150 stations). The URSI options are based on both ionosonde data (about 180 stations) and the values obtained by aeronomic theory for filling the data gaps above the oceans and in the southern hemisphere.
The observed ionospheric data in many parts of the world have been analyzed by investigating the diurnal and seasonal variations, and then compared with the IRI model. In Africa, the variations of the F 2 peak parameters obtained by the ionosonde at Ouagadougou (12.4 • N, 1.5 • S, 294.6 • E), Argentina (Batista and Abdu, 2004; Bertoni et al., 2006; Lee and Reinisch, 2006; Lee et al., 2008; Ezquer et al., 2008) . In Europe, Ratovsky et al. (2009) compared the observed ionospheric data with the IRI model at Irkutsk (52.3 • N, 104.3 • E), Russia. In Asia, Zhang et al. (2007) , Sethi et al. (2007) , Chuo and Lee (2008) , Ayub et al. (2009 ), Wichaipanich et al. (2010 Fig. 1 . SEALION is an ionospheric observation network for studying the equatorial ionosphere at a magnetic conjugate point and is named the Conjugate Point Equatorial Experiment (COPEX) in South East Asia. The COPEX includes the northern and southern hemispheres and around the magnetic equator. In this paper, we take F 2 -layer peak electron density (N m F 2 ) data derived from the F 2 -layer critical frequency ( f o F 2 ), which is manually scaled from bottomside ionograms recorded by the FM/CW ionosonde at Chumphon and Chiang Mai, and compare these data with the IRI-2007 model. This is a continuation of a previous study (Wichaipanich et al., 2010) on F 2 -layer peak parameters measured by a FM/CW ionosonde at Chumphon province, Thailand, and a comparison with the IRI-2001 model.
Data and Methodology
The data used in this study are collected by two FM/CW ionosonde (Maruyama et al., 2007) stations at Chumphon campus of King Mongkut's Institute of Technology Ladkrabang, Chumphon province (10.72
• N, 99.37
• E, dip angle: 3.0
• N), denoted by CPN, and Chiang Mai University, Chiang Mai province (18.76 • N, 98.93
• E, dip angle: 12.7
• N), denoted by CMU, Thailand. The CPN station is near the magnetic equator while the CMU station is near the northern crest of the Equatorial Anomaly. The FM/CW ionosonde is a type of transceiver that continuously transmits a radio frequency signal in the range of 2-30 MHz into the ionosphere and receives an echo. The echo returns to the receiver and is collected as a photographic display, called an ionogram. The ionogram is used to infer the structure of the E and F-layers which illustrate virtual height (h ) versus frequency ( f ). In this work, the ionograms are every 15 minutes and manually scaled. The obtained F 2 -layer critical frequency ( f o F 2 ) values are converted into N m F 2 according to (Davies, 1990) , i.e.,
where N m F 2 is in electron/m 3 and f o F 2 is the F 2 -layer critical frequency in MHz.
The monthly hourly medians and the seasonally hourly medians of N m In addition, the N m F 2 percentage deviation (PD) is computed from
where 2005. In the left panels, most the results show similar trends in the variation of N m F 2 , increasing during sunrise hours (around 06:00 LT), reaching the highest values in the pre-sunset hours (around 17:00-19:00 LT) with a noon bite-out around 11:00-13:00 LT, and decreasing during post-sunset hours, until the lowest levels occur during pre-sunrise hours (around 05:00 LT the %PD values vary between around ±27% during daytime to pre-midnight hours, the lowest levels occur around 18:00 LT (±5%), fluctuations during post-midnight to pre-sunrise hours (±45%) except during the September equinox, when it reaches 80%. The results of the %PD of the CCIR option show a good agreement during daytime for all seasons when compared with the %PD of the URSI option, especially during the March equinox (±20%). The agreement between prediction and observation is the worst during night-time, especially for the %PD of the CCIR option during the September equinox.
Chiang Mai station
Similarly, we compared the observed N m F 2 and the IRI model, and the N m F 2 percentage deviations (%PD) at Chiang Mai station, which are shown in Fig. 3 . In the left panel of Fig. 3 , the N m F 2 values for the September equinox show that both N m F 2URSI and N m F 2CCIR predict N m F 2 values close to N m F 2obs during pre-sunrise to the morning hours (around 03:00-09:00 LT), but they underestimate N m F 2obs during 10:00-02:00 LT, except during the hours 13:00-15:00 LT when they overestimate N m F 2obs . For the December solstice season, both N m F 2URSI and N m F 2CCIR underestimate N m F 2obs between the hours of 10:00-13:00 LT and 17:00-21:00 LT. In addition, N m F 2URSI underestimates the observed data except during 15:00-16:00 LT, when it overestimates N m F 2obs . In the March equinox season, good predictions are provided by the URSI and CCIR options for the hours of 03:00-09:00 LT. However, both N m F 2URSI and N m F 2CCIR underestimate the observed data during the hours of 10:00-11:00 LT and 17:00-02:00 LT, and they overestimate during the hours of 13:00-15:00 LT. During the June solstice season, most of the results show that both N m F 2URSI and N m F 2CCIR underestimate N m F 2obs , except during 02:00-08:00 LT, when they are close to N m F 2obs . In the right panels, the %PD values vary between −25 and 22% during the daytime for both the URSI and CCIR options. For night-time, the results of both the options show the %PD values vary between −40 and −20% during postsunset to post-midnight hours except during the December solstice, when the %PD values for the CCIR option vary between −20 and +10%. During pre-sunrise hours, the %PD values increase and reach the highest level of 50% especially during the December solstice, when the %PD for the URSI option reaches 50%. For all the seasons, in general, the %PD values for the CCIR option are better than the %PD values for the URSI option. The best agreement of the %PD values for both the URSI and CCIR options occurs during the March equinox.
Comparing N m F 2 at Chumphon and Chiang Mai
The comparison between the observed N m F 2 at the Chumphon and Chiang Mai stations are shown in Fig. 4 . The left panel shows the hourly medians of all the months of N m F 2 values and the right panel shows the monthly hourly medians of N m F 2 values for both stations. The left panel shows that the observed N m F 2 at both stations are almost identical during post-sunset to morning hours (around 21:00-09:00 LT), but during the daytime, the observed N m F 2 at Chiang Mai appear much higher than that at Chumphon. The right panel shows that the observed N m F 2 values at Chiang Mai station are higher than those at Chumphon station during the equinox seasons, while a similarity is seen during the solstice seasons except during November and February. The maximum N m F 2 values for each season at both stations are tabulated in Table 1 and this shows that the difference in N m F 2 values between the stations is highest during the September equinox and lowest during the June solstice. In other words, the maximum monthly N m F 2 values during the equinox seasons are higher than that for other seasons, but they are at lower levels during the solstice seasons.
The observed N m F 2 at Chiang Mai are higher than that at Chumphon during the daytime which can be explained by the Equatorial Anomaly (Anderson, 1973) . The equatorial and low-latitude regions show some unique behavior when compared with middle and high latitudes. The vertical electromagnetic drift is enhanced and the Equatorial Ionization Anomaly (EIA) is intensified resulting in variations in the F-layer at equatorial and low-latitudes as follows: the Flayer is lifted up at the magnetic equator but the peak density decreases, however, the F-layer peak density increases at the crest of the anomaly (located at approximately 15
• north and south of the magnetic latitude, moderated by the meridional wind from the magnetic equator to the crests of the anomaly). While Chumphon is close to the magnetic equator (Geomagnetic dip latitude +3.0 • N), Chiang Mai is located at the northern anomaly crest (Geomagnetic dip latitude +12.7
• N), causing higher N m F 2 median values at Chiang Mai. The location of both stations in relation to the Equatorial Anomaly explains the differences in electron density between the two stations. Figure 5 is the same as When compared with previous studies for periods with low solar activity, our results are similar to the study of Ayub et al. (2009) at two Pakistan low-latitude stations, namely Karachi and Islamabad, in that the IRI model predicts N m F 2 values close to the observed N m F 2 during presunrise to pre-noon (around 03:00-09:00 LT), but a difference occurred during daytime, when they found that the IRI/URSI model overestimates N m F 2obs , while our results show an underestimation. Furthermore, they found that the observed N m F 2 values at Karachi are higher than that at Islamabad due to the equatorial anomaly. While Karachi is located in the EIA, Islamabad is outside the anomaly, explaining the higher N m F 2 median values and bite-outs at Karachi. The maximum N m F 2 values reach a peak during the equinox seasons and a minimum level during the solstice seasons. In addition, our results differ from the study of Ezquer et al. (2008) at Tucuman, Argentina, in that good predictions are provided by the URSI option for night-time and the agreement between prediction and measurement is worst during the June solstice in that the %PD varies between −50 and 80% during the prenoontime hours (10:00-11:00 LT), while our results show good predictions from the CCIR option, with a disagreement between prediction and measurement occurring during the September equinox where the %PD varies between −70 and +80% during night-time at Chumphon station and between −40 and +50% during night-time at Chiang Mai station. Furthermore, our results differ from the studies of Lee and Reinisch (2006) and Lee et al. (2008) at the equatorial latitude station in Peru, namely Jicamarca, in that both the URSI and CCIR options of the IRI-2007 model are generally close to the observed values, but our results show that both models underestimate observed values during the midnight and pre-sunrise hours, especially in 2005. This underestimation is consistent with the results of Wichaipanich et al. (2010) although, in that work, f o F 2 is studied from 2004-2006. especially during daytime, the CCIR option produces a smaller range of deviation than the URSI option. 7. During post-sunset to morning hours (around 21:00-09:00 LT), the observed N m F 2 at both stations are almost identical for the periods of low solar activity. However, during daytime, the observed N m F 2 values at Chiang Mai are larger than those at Chumphon due to the higher dip angle related to the Equatorial Anomaly. 8. A bite-out phenomenon is clearly seen during noontime hours (around 11:00 LT) at Chumphon for all seasons, but it rarely occurs during the equinox seasons at Chiang Mai.
Conclusions

